has stated, "In typical ascites tumours the percentage of neoplastic cells is very high and represents a nearly pure culture ". For these reasons it was decided to investigate using immunological techniques any antigenic differences that might exist between mouse ascites tumours and the normal cells of the host. Genetic differences would certainly exist between the tumours and the normal cells of the host and it would be of interest to see if the techniques employed would demonstrate such differences unambiguously.
Various workers have prepared antisera which they claimed showed varying degrees of specificity for the tissue injected, whereas others claim to have found little evidence for specificity beyond species specificity. Verne and Oberling (1932) claimed that rabbit antirat kidney serum damaged epithelium and fibroblasts of kidney in tissue culture but had no effect on cells from other organs. Harris (1943) found compete species specificity with antisera prepared by injecting chick and mouse tissues into rats, but only partial organ specificity. Lambert (1914) injected three guinea-pigs each with a different rat tissue and found that the antiserum from each set overlapped. Pressman and Korngold (1953) found that using tumour antisera globulin fractions labelled with radioactive iodine there was localization of radioactivity in liver and kidney as well as in the tumour. They also showed that by in vitro purification some of the tumour localizing antibodies could be partially separated from the liver and kidney localizing antibodies. Maculla (1948) concluded from work on the comparative antigenic composition of homologous and heterologous mouse tumour transplants that all the tumours appeared to posses intracellular antigenic compositions in common with adult spleen and lung, but some tumours appeared to possess a component not present in normal tissue. Schrek and Preston (1956) have shown that sera from rats with regressed lymphosarcoma have an antibody against the cells of this tissue. These workers used cell suspensions to demonstrate the cytotoxicity of their sera.
Imagawa, Syverton and Bittner (1954) showed that antisera to mouse mammary cancer cells were cytotoxic to the tumour cells. The elimination by repeated adsorption of the antigenic components which were possessed in common by normal cells and cancer cells from the same host species was without apparent effect upon the specificity of the cytotoxic antiserum.
In the work reported here cell suspensions were also used to investigate the cytotoxicity of the antisera. A gel-diffusion technique based on those developed by Oudin (1946) At room temperature and at 37°the tumour cell suspensions appeared to remain intact for far greater lengths of time than any of the normal cell preparations, whether suspended in Locke's solution or with normal serum added. For the in vitro tests the cells were mounted with the appropriate serum on a microscope slide and the coverslip sealed around the edge with vaseline/paraffin wax mixture and the cells examined under the interference microscope. This was kept in a perspex box maintained at 37°. At this temperature it was found that most preparations of normal cells in Locke's solution or in normal serum began to show morphological changes preceding cell death after about half-an-hour and most of the cells did not survive more than 3 hours. Occasionally, preparations of normal cells were obtained in which groups of cells appeared to be intact after 6 hours. Tumour cell preparations, on the other hand, would often last for 24 hours under these conditions especially in the presence of added normal serum.
(d) Absorption of immune sera.-The immune sera were absorbed with blood and finely minced tissues of the host by incubating the tissues and the immune sera together at 37°for half-an-hour and then leaving at 0-4°for several days.
The serumn was then recovered by centrifugation and stored frozen. As far as possible, care was taken to avoid the addition of too great an excess of blood or tissues in order to reduce the possibility of non-specific absorption of antibodies.
Analytical methods (a) In vitro tests. The interference microscope was used to examine the action of various antisera on normal and tumour cells in vitro. The interference microscope is particularly suitable for the detection of lysis of cells since quite small variations in the mass of the cell constitutents can be detected and irregularities in tlhe appearance of the cell membrane, which we found was generally the first symptom of cellular degeneration, are very clearly seen with the interference microscope.
To a lesser extent the non-staining of viable cells by the dye Lissamine Green (private communication, Dr. R. J. Goldacre) was used to examine the cytotoxicity of the antisera.
(b) Gel-diffusion tests.-The presence of antibodies in the immune serum to soluble antigens obtained fom the cells was demonstrated using the gel-diffusion technique. In this technique the antigen and antibody solutions are allowed to diffuse towards one another through a column of gel. Bands of precipitate are formed, one band occurring at the equivalence point of each specific antigen antibody system, no individual antigen giving more than one band of precipitate.
EXPERIMENTAL RESULTS
(1) In vitro tests with the original immune sera Preliminary in vitro tests with all the original immune sera showed that all the sera were cytotoxic to the tumour cells and the cells of the normal liver, kidney, (Fig. 1) . Generally the outer margin of the cells showed the undulating adtivity of the membrane which can be observed very clearly using the interference microscope. When the immune serum was introduced the tumour cells rounded up immediately and the dark, well-defined periphery began to extend inwards from the edge of the cell (Fig. 2) . The freely moving cells quickly aggregated into clumps and within a few minutes blisters of clear cytoplasm containing few visible granules were formed on the surfaces of the cells (Fig. 2) . As the degenerative changes proceeded and the lysis developed the nucleus became more prominent, and structures within it and the cytoplasm became apparent. After 5 to 10 minutes the cytoplasm was observed to have almost as low a refractive index as the medium surrounding the cells (Fig. 3) (2) Gel-diffusion tests with the original immune sera
The results obtained with the gel-diffusion test using the original immune sera and suspensions of normal and tumour cells homogenized, or lysed by the addition of merthiolate were parallel to those obtained iu the in vitro tests. For equal quantities of material the order of reaction was: tumour more than whole blood, kidney, spleen, liver. The tumour homogenate or lysed suspension always gave a greater number of bands of greater strength than any other tissue tested, generally over 30 bands. Whole blood gave 20-25, kidney 15-20, spleen and liver between 10 and 15 bands.
(3) In vitro tests with immune Sera adsorbed on normal tissues (a) Absorption with whole blood of host mice.-The addition of the blood or serum and erythrocytes of the host mice to the original immune serum resulted in the formation of a large quantity of precipitate. The precipitation was carried to exhaustion and the precipitate removed by centrifugation. The resulting antiserum was tested with normal and tumour cells in vitro. The antiserum was still strongly cytotoxic to tumour cells in the presence of added normal serum, inactive against erythrocytes, but still active against kidney and spleen cells, although it appeared to have hardly any effect on normal liver cells. Evidently some antibodies still remained in the antiserum which were active against kidney and spleen cells.
(b) Absorption with liver, kidney and spleen.-The antiserum which had been absorbed with blood was mixed with finely minced normal liver, kidney and spleen. Generally an equal volume of minced tissues was found to be sufficient. The resulting antiserum caused aggregation of the tumour cells but little lysis until fresh normal rabbit serum or guinea-pig serum was added, when aggregation became more conspicuous and cytolysis occurred. The tumour cells took longer to lyse than with the original immune serum. Instead of cytolysis being virtually complete within a few minutes it took anything from one-quarter to half-an-hour depending on conditions, although cell aggregation and degenerative changes in the cytoplasm were detectable almost immediately after the addition of the adsorbed immune serum (Fig. 4, 5) . The antiserum showed little activity against the tumour cells at dilutions of greater than 20 times.
The normal kidney, spleen and liver cells from the host strain of mice were quite unaffected by incubation with either the absorbed immune serum alone, or with the absorbed immune serum with fresh normal serum added in that the cells survived as long as in normal serum alone and longer than in Locke's solution (Fig. 8-11 ).
Of particular interest was the observation that the absorbed Ehrlich ascites antiserum aggregated and lysed Landschiitz ascites tumour cells though not so quickly under comparable conditions (Fig. 6, 7) . 4. Gel-diffusion tests with absorbed immune sera These tests were carried out mainly with the Ehrlich ascites antiserum absorbed with the host blood, kidney, spleen and liver. With these absorbed sera the Ehrlich ascites cells gave a minimum of 3 bands in the gel-diffusion test, and the Landschuiitz ascites tumour cells gave a minimum of 2 bands, but always one strong band was missing in the Landschuitz system that was present in the Ehrlich system, all other bands being present in both in about the same quantities (Fig. 12) .
This demonstrated the presence of at least one soluble antigen present in the Ehrlich ascites tumour cells which was absent in the Landschuitz ascites tumour cells. The normal kidney, spleen and liver cells and blood gave no bands with the absorbed Ehrlich ascites antiserum (Fig. 13-16 ) although faint non-specific reactions were sometimes obtained at the edge of the wells with blood and spleen preparations. These non-specific reactions were also obtained when blood and spleen preparations were allowed to diffuse into gelatin with no antiserum present, and were, therefore, the result of a reaction between substances present in the tissue preparations and the gelatin.
The results of the gel-diffusion tests were therefore in agreement with the result of the in vitro tests in that the absorbed immune Ehrlich antisera reacted with antigens present in the tumour cells but not with those present in the cells of the normal tissues tested.
DISCUSSION
All the immune antisera prepared contained high titres of antibodies to the antigens present in the normal tissues of the hosts. This result could not be explained entirely by the presence of contaminating normal cells of the host in the suspensions of tumour cells injected into the rabbits. The tumour cell suspensions injected were washed five or six times to remove any antigens present in the fluid medium, contamination with erythrocytes was very low after washing, and the ascitic fluid is supposed to represent a nearly pure culture of tumour cells.
In spite of this between 80 and 90 per cent. of the precipitin reaction estimated either as the number of bands or quantity of precipitate present in the bands was caused by reaction of the antiserum with antigens found in normal tissues. It may be concluded that the Ehrlich and Landschiitz ascites tumour cells have many antigens in common with the normal cells of the kidney, spleen and liver of the host mice, and particularly many in common with the erythrocytes of the host. Nungester and Fisher (1954) found the presence of a mouse erythrocyte agglutinating antibody in rabbit antisera to mouse lymphosarcoma even when the antigenic material used for immunization appeared to be devoid of red blood cells on gross examination, and they suggested the possibility that the tumour cells and erythrocytes had antigens in common.
The cytotoxic action of the immune sera on the tumour cells was morphologically very siniilar to the action on normal cells, with the exception that the tumour cells showed a very characteristic formation of blisters of clear cytoplasm containing few granules. This was rarely observed with normal cells. Very similar effects have been observed when cells have been treated with compounds which are thought to combine with or change the nature of the cell membranes, e.g. compounds such as polyethyleneimine and anaesthetics. Schrek and Preston (1956) suggested that some at least of the cytological changes which they observed when homologous immune serum acted on cells of the Bagg lymphosarcoma were associated with the cell membrane, since viable tumour cells adsorbed antibodies from immune serum which had been heated at 56°for an hour to inactivate the complement. Siniilar results were obtained with a sample Ehrlich ascites antiserum in which the complement had probably become inactivated during prolonged storage, the tumour cells aggregated but cytolysis did not occur until fresh normal serum was added. Some antibodies were obviously combining with the cell membrane to produce aggregation although cytolysis would not commence in the absence of complement. Time lapse cinematography showed that there was a very rapid initial reaction between the immune sera and the cell involving the cell membrane. 
